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ABSTRACT 
Although Manning's roughness coefficient is known to vary with river stage, 
information on this aspect is limited, and practitioners have to resort to trial-and-error 
approaches or rely on their judgment to quantify the variation. This research was aimed at 
investigating the variation patterns of Manning's roughness coefficient over depth. 
Investigators conducted an extensive laboratory experiment using a fairly long and large 
channel, in the shape of half of a compound cross section, to simulate natural rivers. This 
experimental channel allowed a comprehensive investigation of both uniform and 
composite roughness elements along the channel's wetted perimeter. Data were taken 
from both cases: when flow was restricted in the main channel ( to simulated a prismatic 
channel) and when it covered the floodplain. In addition, the investigators converted data 
from other researchers to verify factors not covered in this study. 
The researchers found that while geometry and roughness patterns can both affect 
the magnitude of Manning's coefficient over depth, the effects vary in prismatic and 
floodplain channels. Experimental data were used to identify the variation patterns of 
Manning's roughness in the floodplain channel as well as the effects of varying roughness 
distribution in the main channel and floodplains. 
Investigators also made a number of recommendations regarding the equations that 
should be used to quantify the variation of the overall Manning's n value for a channel 
section. Suggestions were made as to the specific use of these equations, including the 
number of subareas within the channel to be considered, the type of division lines between 
the subareas, and the ranges of applicability of the equations. 
Key Words: 
Manning's Roughness Coefficient, Compound Channel, Composite Channel, Floodplain, 
Open Channel Flow, Flow Resistance, Composite Roughness, Predictive Equation. 
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Figure 1.2. Natural compound channel 
1.2. Objectives 
Determining how n varies with depth can significantly affect the use of Manning's 
formula and may have some practical applications. Although many factors can affect the n 
value in natural channels, it is understood that the two major variables causing n to change 
with depth are the different roughness of materials along the wetted perimeter and changes 
in geometry. Because information for a systematic evaluation of the n versus depth 
relationship is not available, the objectives of this research are to: 
I. investigate the n versus depth relationship under controlled experiments,
2. systematically evaluate existing equations for composite n values and their applicability
to changing depths, and
3. recommend a method for evaluating n versus depth for compound channels that
resemble natural channels.
1.3. Approaches 
A channel having more than one roughness along the wetted perimeter is called a 
composite channel. Several methods have been proposed for the determination of 
. composite n values, but they have not been evaluated systematically, and their results 
differ even for a simple trapezoidal channel, as shown by Yen ( l 992a). Considering that 
changing river stages are a process of adding or deleting roughness to the channel cross 
section, these existing formulas provide a starting point to investigate the problem. 
In order to validate these equations, a compound channel experiment focusing on 
varying roughness has been conducted. Realizing that the current knowledge about 
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to approach a much lower n0 than the base n value as y/D increased, while the tendency of 
n0 for the other two slopes was to gradually regain the base n value; the S = 0.003 case 
attained the base n value faster (at lower y/D). This is similar to what has been observed 
until now. Also, comparing the n0 values from Myers and Brennans' asymmetrical channel 
case, in which the base n and channel slope (approximately 0.001) were similar but the 
floodplain narrower and deeper, the no pattern is rather similar to the S= 0.003 case 
presented here. Overall, the minimum no just above bankfull depth was approximately 
34% lower than the base n value. 
Figure 5.10 also shows that equations 2.1 and 2.2 bracketed the data above 
bankfull stage. For the low slope (S = 0.001), equation 2.1 performed quite well, 
matching the trend and the numerical values of Ilo at most depths above bankfull stage. 
The depth increment around bankfull stages should be reduced further in the numerical 
evaluation to show the predictions compared to the experimental data. 
On the other hand, equations 2.4 and 2.5 and 2.6 to 2.10 (figure 5.10) all predicted 
constant no for the unifonn roughness channel. 
5.2.2. Test 6 - Bib - 5.2 
The experimental results for the Test 6 series are shown in figure 5.11. The effect 
of a wider floodplain in this asymmetrical case was to reduce the no value above bankfull 
stage. At depths just above bankfull stage, the no for S = 0.002 and S = 0.003 decreased 
further than in the Bib - 3 .2 case. The overall reduction at this depth was also 
approximately 34%. As the depth increased, no for the two higher slope cases tended to 
regain the base n . value. The locations at which no reached the base n value were 
approximately at the same y/D ratios as shown in figure 5.10. The gap between S = 0.002 
and S = 0.003 increased starting at y/D of approximately 1.2. 
For S = 0.001 n0 reduced to similar values as in Test 5. As the depth increased. no 
also tended to recover the n0 value for S = 0.001 in the previous case. In the depth range 
below bankfull stage, the data were less scattered. The added floodplain width should not 
have had any effects at depths below bankfull stage. The data showed more constancy in 
the high slope case. Overall, it is still unclear if any pattern is presented in these data. 
Comparing the predictions from each equation with the experimental data, one can 
see very similar results as in Test 5; that the S=0.001 data were well matched by equation 
2.1, and that equations 2.1 and 2.2 bracketed the remaining data. Overall, equation 2.1 
also predicted better in shallow floodplain depths. 
Comparing figures 5.11 and 5.10, one can see that widening the floodplain affected 
equation 2.1 the most. Equations 2.4 to 2.10, on the other hand, predicted constant no as 
before (see figure 5.11 ). 
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Series C 
Series D 
Series E 
Series F 
Sidewall n value = 0.0098 
Bed n value= 0.0179 
Bed Width = 3.0305 ft 
Bed Slope= 0.001645 
Sidewall n value= 0.0179 
Bottom n value= 0.0098 
Bed Width = 2.96 l 2 ft 
Bed Slope= 0.001541 
Sidewall n value= 0.0179 
Bottom n value = 0.0098 
Bed Width = 1 ft Side Slopes I: l 
Bed Slope = 0.00220 I 
Sidewall n value= 0.0098 
Bed n value= 0.0179 
Bed Width = I ft Side Slopes I: I 
Bed Slope = 0.001214 




































• l 
Unused Data Continued 
Overall Overall Floodplain Overall Overall Ratio Ratio Ratio 
Test Flowrate Reynolds Reynolds Froude Adjusted of Flow of Flow of Flow 
Name (cfs) Number Number Number n value in MC in MCB in FP 
BBBGG 1 0.291 1.984E+04 O.OOOE+OO 0.320 0.0156 0.859 0.141 0:000 
BBBGG 2 0.410 2.522E+04 O.OOOE+OO 0.336 0.0149 0.780 0.220 0.000 
BBBGG3 0.470 2.714E+04 O.OOOE+OO 0.322 0.0157 0.738 0.262 0.000 
BBBGG4 0.555 3.018E+04 O.OOOE+OO 0.324 0.0156 0.703 0.297 0.000 
BBBGG 5 0.616 3.211E+04 O.OOOE+OO 0.321 0.0158 0.688 0.312 0.000 
BBBGG6 0.705 3.489E+04 O.OOOE+OO 0.322 0.0158 0.669 0.331 0.000 
